Thirty four subjects (13 men and 21 women), 24 to 70 years old from northern Mexico, were measured for body density by air displacement plethysmography (ADP) with the BOD-POD, and for total body water by deuterium oxide dilution and infrared spectroscopy (IRS-DOD). Subjects were given a 30 g dose of deuterium oxide. Saliva samples were filtered, sublimated, and deuterium was measured using a Miran 1 FF, IRS. Linear regression of the fat mass (FM) derived from both methods showed that the intercept (0.071) was not different from zero (p = .96) and the slope was 0.96 (p < .0001) demonstrating the techniques to be equivalent. Further, mean FM was 26.7 ± 12.4 and 25.6 ± 12.4 kg, respectively (p = .08). Precision analysis by the model R 2 showed that 92.3% of the variability was explained (SEM = 3.4 kg). Bland-Altman analysis showed no significant bias (r = 0.017; p = .93). Mean difference between methods was -1.08 (CI: -2.3 to + 0.13) kg FM.
Introduction
Until recently, most body composition studies in developing regions had been limited to the use of anthropometric techniques or unvalidated bioimpedance analysis. The use of dilution principles to measure total body water using deuterium oxide has also been restricted due to elevated costs of mass spectrometry equipment and its operation. Deuterium quantification by infrared spectroscopy (IRS) for both body compo-sition and lactation studies has been shown to be an alternative procedure [1] [2] [3] . Laboratories in developing regions could consider the use of this methodology for research and the evaluation of nutrition intervention programs. Air displacement plethysmography with the BOD-POD is a new densitometric technique that has been found to be accurate to measure body composition in healthy adults under the two compartment model [4] [5] [6] [7] [8] . Measurements in the BOD-POD are practical and the subject does not have to be immersed in water or go through complicated residual lung volume determinations [9] .
The purpose of this study was to examine the accuracy, precision, and bias of body fat estimation using deuterium oxide dilution measured by infrared spectroscopy, relative to body density by air displacement plethysmography.
Methods
Thirty-four healthy subjects, 21 women and 13, men consented to participate in this study. The research protocol was approved by the internal-external Ethical Committee of Centro de Investigación en Alimentación y Desarrollo, where the study took place. Subjects were dosed with 30g deuterium oxide. Saliva samples were collected before dosing and after a four hour equilibration period.
Anthropometry
Weight was measured on an electronic scale of 150 kg ± 0.01 kg capacity, attached to the air displacement plethysmograph BOD-POD (BOD-POD Body Composition System, Life Measurement Instruments, Concord, Calif., USA). Height (cm) was measured using a Holtain stadiometer (Holtain Limited, Dyfed, UK). Body mass index (BMI, kg/m 2 ) was calculated from these measurements. Waist circumference was measured in the supine position at the umbilicus level Body composition in Mexican adults by air displacement pletismography (ADP) with the Bod-Pod and deuterium oxide dilution using infrared spectroscopy (IRS-DOD) using a fiber glass measuring tape (Lafayette Instruments Company Inc., Ind, USA) and hip circumference was measured at the level of the most prominent part of the gluteus. The waist/hip ratio was determined from these measurements [10] .
Body composition by infrared spectroscopy and deuterium oxide dilution (IRS-DOD)
Sample sublimation A simple sublimation system connected to a freeze drier was used to obtain water from saliva [3] . Each frozen saliva sample was placed inside an ice bath. Vacuum was applied and sublimated water was condensed in a trap to constant temperature (-30°C). Deuterium in different concentrations was completely recovered in condensation flasks to avoid fractionation. Rate of sublimation for saliva was 1 ml/hour.
Deuterium oxide measurements by IRS
Deuterium abundance was measured by IRS with a calcium fluoride (CaF 2 ) cell (Miran 1FF, Foxboro Co., USA). Measurements were taken after filtration (0.22µm) at 2513 cm -1 under controlled temperature (15°C). A programmable voltmeter (Fluke Corporation, Mod. 83. Ill., USA) was installed to the detector signal for digitizing and averaging absorbance measurements. A calibration curve was checked every day using a deuterium stock solution (2000 ppm). Each dilution or sample was loaded into the cell using a syringe. All standards and sublimated samples were measured in duplicate after adjusting the absorbance to 0 with water or basal saliva. Fat free mass was calculated from total body water using a hydration constant of 0.73 [11] .
Densitometry by air displacement plethysmography
Body density was measured using air displacement plethysmography (BOD-POD Body Composition System, Life Measurement Instruments, Concord, Calif., USA). The BOD-POD has a single structure containing two chambers. A volume perturbation device situated between the two chambers, electronically controlled by a servo system, produces pressure fluctuations in both chambers which are used to assess the total body volume. The system has been described in detail elsewhere [12] . Each subject was weighed on a calibrated scale to a resolution of 0.01 kg. A two-point calibration was then performed at baseline, with the chamber empty and using 50 liters as the calibration for the cylinder. With this data a regression equation that relates volume to ratio of the pressure in the two chambers was developed. The subject entered the chamber in a tight swimming suit and cap and sat down for the volume measurements. Thoracic gas volume (TGV) was also measured as part of the test process [9] . The TGV includes the lung air volume and any air that can be trapped in the thorax. This evaluation is very similar to the plethysmographic measurement of TGV used in pulmonary function testing [12] . Siri's equation was used for calculation of body density [13] .
Statistical methods
Data were analyzed using the statistical program NCSS 1997 (Number Cruncher Statistical System for Windows, Kaysville, Utah, USA). All results are expressed as mean ± standard deviation (SD). The accuracy of the IRS-DOD technique was examined by regression procedures. The comparison was considered accurate if the regression between fat mass by ADP with the BOD-POD and the IRS-DOD had a slope not significantly different from 1.0, and an intercept not significantly different from zero. Precision was assessed by the model R 2 and the standard error of the estimate from the regression procedures described above. Bias was examined using Bland and Altman's procedure [14] . This procedure tests the hypothesis that methodological error is randomly distributed across the spectrum of body fat content, as indicated by a non-significant regression between technique error and body fat content.
Reproducibility of body density measurements and validation of TGV has been reported elsewhere [9] . The reproducibility of our BOD-POD was tested in 91 duplicate measurements in the same subject during the same session. Mean body densities of groups 1 and 2, were 1.0292 ± 0.019 and 1.0296 ± 0.019, respectively. Both sets of measurements had a coefficient of variation of 1.89%.
Results
The characteristics of subjects are presented in table 1. Considering both men and women together there was a wide range of body size and composition. Body weight ranged from 45 to 114 kg and BMI from 17 to 47. Mean and range of body mass index and percent of body fat by IRS-DOD were 26.5 (17.3 to 47.1) and 35.5 (8.8 to 52.8), respectively. The percent of body fat was calculated by each method based on a two-compartment model in each case Linear regression of the fat mass (FM) derived from IRS-DOD and ADP methods showed that the intercept (0.071) was not different from zero (p = .96) and the slope was 0.96 (p < .0001 ) demonstrating the tech-niques to be equivalent ( fig. 1 ). Further, the mean FM was 26.7 ±12.4 and 25.6 ± 12.4 kg, for IRS-DOD and ADP techniques, respectively (p = .08). Precision was examined by the model R 2 and the standard error of the estimate, regressing FM by IRS-DOD and FM by ADP. This analysis showed that 92.3% of the variability was explained, however the standard error (SEE) of the estimate was 3.4 kg. Using Bland and Altman's analysis we examined the discrepancy between the techniques as a function of FM and there was no significant bias as determined by the two methods (r = 0.017; p = .93) ( fig. 2) . Mean difference between methods was -1.08 (CI: -2.3 to +0.13) kg FM.
Discussion
The wide range of body size and composition of the subjects were within the expected values for the popu-lation in this region of Mexico. The procedure used for the dosing and time of equilibrium is similar to that reported by others [1] . The estimation of total body water and of fat-free mass with a standard hydration constant (0.73) allowed for the calculation of the fat mass using a two compartment model approach. In this study we used densitometry with the BOD-POD as the reference procedure. The comparison of deuterium oxide dilution procedure with BOD-POD, showed a 1.6% of difference in the percent of body fat. The methods were not statistically different. This was tested directly using the fat mass compartment. The relationship of the two methods did not differ from the line of identity since the intercept was not significantly different from zero or the slope different from 1.0, showing methods to be equivalent. Precision analysis determined from the model R 2 explained 92.3% of the variability. However, the SEE was 3.49 kg, which is somewhat higher than similar studies have reported at [15] . Using Bland-Altman's analysis [14] we examined the discrepancy between the techniques as a function of FM and found no significant bias. Still, this is a preliminary study with a small number of subjects and further validation of our IRS-DOD method is required by comparison with mass spectrometry quantification of deuterium oxide.
Alternative methods for measuring body composition under field conditions in developing regions without access to gold standard techniques such as deuterium dilution by isotope ratio mass spectros-copy, are very important. They are required to evaluate the impact of nutrition intervention programs and to assess risk in nutrition-related diseases. Infrared spectroscopy aided by a simple sublimation system is a plausible analytical procedure.
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